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1
SYSTEMS AND METHOD FOR DETECTING
CONTACT WITH A DISPLAY PANEL BY
ASYMETRIC DETECTION WAVEFORM

The present application claims priority to Japanese Patent
Application No. JP2009-154207 filed in the Japanese Patent
Office on Jun. 29, 2009, the entire content of which is hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a touch panel that may be
inputted with information by contact or approach of a user
with a finger or the like, and particularly relates to a method of
driving a touch panel detecting touch based on change in
capacitance, and a touch panel and a display apparatus with a
touch detection function using the method each.

2. Description of Related Art

A display device is recently noticed, in which a contact
detector, so-called touch panel, is mounted on a display
device such as liquid crystal display device, and various but-
ton images are displayed on the display device so as to allow
information input as a substitute for typical mechanical but-
tons. While several types of touch panels, including an optical
type and a resistance type, exist, a capacitance-type touch
panel is particularly expected for a mobile terminal because
of a relatively simple structure and low power consumption.
However, in the case of the capacitance-type touch panel, a
human body acts as an antenna receiving noise (hereinafter,
called disturbance noise) caused by an inverter fluorescent
lamp, an AM broadcast wave, an AC power supply and the
like, and the noise may be transmitted to the touch panel,
causing malfunction.

The malfunction is due to a fact that a signal on presence of
touch (hereinafter, called touch signal) generated by contact
or approach of a user with a finger is hardly distinguished
from disturbance noise. The touch signal is typically A/D
converted (sampled) by a detection circuit with folding noise
being generated. Specifically, when a signal having a fre-
quency component higher than a Nyquist frequency is
sampled, the signal is folded with the Nyquist frequency as a
reference, and outputted as a signal having a frequency com-
ponent lower than the Nyquist frequency. Therefore, when
disturbance noise having a frequency component higher than
the Nyquist frequency is inputted to the detection circuit,
frequency of such a noise component is equivalent to be in a
frequency band equal to or lower than the Nyquist frequency.
Thus, the disturbance noise is hardly distinguished from a
touch signal to be normally detected in the frequency band
equal to or lower than the Nyquist frequency.

Thus, for example, United States Patent Application Pub-
lication 2007/0257890 proposes a method, in which when a
touch signal is detected, the touch signal being in synchroni-
zation with a signal (hereinafter, drive signal) driving a
capacitance-type touch panel, a plurality of drive signals hav-
ing different frequencies are used to select a condition, at
which a touch signal is hardly affected by disturbance noise,
for detection of the touch signal. In the method, a detection
circuit uses the drive signals having different frequencies to
sample a touch signal at a plurality of sampling frequencies
corresponding to the drive signals, which inevitably leads to
change in Nyquist frequency. That is, a folding reference is
changed. Therefore, when disturbance noise having a high
frequency component compared with the Nyquist frequency
is inputted to the detection circuit, a frequency of a noise
component equivalent to the disturbance noise, the noise
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component appearing in a frequency band not higher than the
Nyquist frequency, is changed depending on the Nyquist
frequency. In contrast, a frequency of a touch signal compo-
nent is not changed even if the Nyquist frequency is changed.
Therefore, the Nyquist frequency is selected such that the
equivalent noise component may be distinguished from the
touch signal component, so that the disturbance noise may be
distinguished from the touch signal.

SUMMARY OF THE INVENTION

However, in the drive method of the capacitance-type
touch panel and the detection method thereof disclosed in the
above-mentioned United States Patent Application Publica-
tion, since a frequency of a drive signal needs to be sequen-
tially changed to select a condition at which a touch signal is
hardly affected by disturbance noise, much time may be taken
for selecting the condition. That is, detection time may be
increased. Furthermore, preparation of drive signals having a
plurality of frequencies is necessary, and switching timing of
the signals needs to be determined, so that a circuit configu-
ration may be complicated and large.

As another method of removing the disturbance noise, a
generally-known noise filter is considered to be used. For
example, a low-pass filter having a cutoff frequency lower
than the relevant Nyquist frequency is inserted before A/D
conversion, thereby folding noise may be removed. Thus, the
disturbance noise may be removed, and a detection circuit
may be simplified after A/D conversion. However, a touch
signal in synchronization with a drive signal outputted from a
touch panel is a positive-negative symmetrical polarity-alter-
nating signal and therefore may not pass through the low-pass
filter. Specifically, the low-pass filter removes not only the
disturbance noise but also the touch signal.

Itis desirable to provide a method of driving a touch panel,
in which presence of touch may be securely detected while
influence of the disturbance noise and touch detection time
are reduced despite using a relatively simple circuit configu-
ration, and provide a touch panel and a display apparatus with
a touch detection function using the drive method each.

A capacitance-type touch panel according to an embodi-
ment of the invention includes a drive control circuit, a plu-
rality of drive electrodes, a plurality of touch detection elec-
trodes, and a detection circuit. The drive control circuit
performs control such that a drive signal for touch detection is
selectively applied to the drive electrodes. The drive elec-
trodes each have a strip shape, and selectively applied with a
drive signal. The touch detection electrodes are arranged to
intersect with the drive electrodes in such a manner that
capacitance is formed in each intersecting part, and each
outputs a detection signal in synchronization with the drive
signal. The detection circuit detects an external proximity
object based on the detection signal. In particular, the drive
control circuit controls application of the drive signal in such
a manner that the detection signal comes to be a polarity-
alternating signal including a positive-negative asymmetrical
signal component which is due to presence of the external
proximity object.

A display apparatus with a touch detection function
according to an embodiment of the invention has the capaci-
tance-type touch panel according to the embodiment of the
invention. In this case, the display apparatus may be config-
ured such that the drive signal for touch detection also serves
as part of a display drive signal.

A method of driving a touch panel according to an embodi-
ment of the invention includes the steps of: selectively apply-
ing a drive signal for touch detection to a plurality of drive
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electrodes each having a strip shape; allowing each of a plu-
rality of touch detection electrodes to output a detection sig-
nal in synchronization with the drive signal when a external
proximity object exists, the touch detection electrodes being
arranged to intersect with the drive electrodes in such a man-
ner that capacitance is formed in each intersecting part, and
the detection signal being a polarity-alternating signal includ-
ing a positive-negative asymmetrical signal component
which is due to presence of a external proximity object; and
detecting the external proximity object based on the detection
signal.

In the method of driving a touch panel, the capacitance-
type touch panel, and the display device with a touch detec-
tion function according to the embodiment of the invention,
when a drive signal is selectively applied to a plurality of drive
electrodes, a polarity-alternating signal, as a detection signal,
in correspondence to capacitance between each drive elec-
trode and each touch detection electrode is outputted from the
touch detection electrode. At that time, when an external
proximity object such as a finger exists, capacitance between
a drive electrode and a touch detection electrode in a part
corresponding to the object is changed, and change in wave-
form corresponding to such change in capacitance (touch
component) appears in the detection signal. The touch com-
ponent is a positive-negative asymmetrical signal component
due to presence of the external proximity object. Such posi-
tive-negative asymmetry results in a phenomenon that even if
signal processing of the detection signal is performed via an
analog filter for noise removal, the touch component is not
removed from the detection signal.

The touch component appearing in the detection signal
may have positive-negative asymmetry by several methods.

In afirst method, a signal, which has a periodical waveform
including a period of a first voltage, and a period of a second
voltage different from the first voltage, is used as a drive
signal, a first group of drive electrodes and a second group of
drive electrodes are selected from a plurality of drive elec-
trodes, and the first voltage and the second voltage of the drive
signal are applied to the selected drive electrodes of the first
and second groups, respectively. The drive electrodes are
selected in such a manner that, a total width of drive elec-
trodes, belonging to the first group of drive electrode, within
a base width corresponding to size of an external proximity
object is different from a total width of drive electrodes,
belonging to the second group of drive electrodes, within the
base width, at any position in a region where the drive elec-
trodes are arranged. Thus, magnitude of capacitance between
the drive electrode and the touch detection electrode is dif-
ferent between an application period of the first voltage of the
drive signal and an application period of the second voltage
thereof, as a result, the touch component in the polarity-
alternating detection signal becomes positive-negative asym-
metrical.

In the first method, furthermore, it is preferable that all the
second group of drive electrodes are discretely divided into a
plurality of sub groups, and a drive signal is applied to drive
electrodes of each sub group. In this case, furthermore, it is
preferable that total width of all the first group of drive elec-
trodes is equal to total width of all the second group of drive
electrodes. For example, in the case that an in-cell type touch
panel integrated with a display device is configured, touch
detection operation is hardly affected by internal noise asso-
ciated with writing to a display element.

In a second method, a signal, which has a periodical wave-
form including a period of a first voltage, and a period of a
second voltage different from a first voltage, is used as a drive
signal, a group of drive electrodes configuring a single strip
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region are selected from a plurality of drive electrodes, and a
first voltage of the drive signal is applied to the group of drive
electrodes and a second voltage is not applied to any drive
electrode. In the method, a touch component appears in a
detection signal only in an application period of the first
voltage of the drive signal, and does not appear in an appli-
cation period of the second voltage. As a result, a touch
component in the polarity-alternating detection signal
becomes positive-negative asymmetrical.

According to the method of driving a touch panel, the
capacitance-type touch panel, and the display device with a
touch detection function of the embodiment of the invention,
when an external proximity object exists, a touch component
included in a detection signal from a touch detection elec-
trode has positive-negative asymmetry, therefore even if sig-
nal processing of a detection signal is performed via an analog
filter for noise removal, the touch component is not removed
from the detection signal. Therefore, the touch signal may be
securely detected while removing disturbance noise. More-
over, since processing of sequentially changing frequency of
a drive signal to select a detection condition is unnecessary
unlike in the past, reduction in size of a detection circuit and
decrease in detection time may be achieved.

Other and further objects, features and advantages of the
invention will appear more fully from the following descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams for illustrating a principle of
a touch detection method of a display apparatus with a touch
detection function according to an embodiment of the inven-
tion, showing a noncontact or non-approach state of a finger.

FIGS. 2A and 2B are diagrams for illustrating the principle
of'the touch detection method of the display apparatus with a
touch detection function according to the embodiment of the
invention, showing a contact or approach state of a finger.

FIG. 3 is adiagram for illustrating the principle of the touch
detection method of the display apparatus with a touch detec-
tion function according to the embodiment of the invention,
showing an example of each waveform of a drive signal and a
detection signal.

FIG. 4 is a block diagram showing a configuration example
of'a display apparatus with a touch detection function accord-
ing to a first embodiment of the invention.

FIG. 5 is a section diagram showing a schematic section
structure of a display device with a touch detection function
shown in FIG. 4.

FIG. 6 is a circuit diagram showing pixel arrangement of
the liquid crystal display device shown in FIG. 4.

FIG. 7 is a perspective diagram showing a configuration
example of drive electrodes and touch detection electrodes of
the touch sensor shown in FIG. 4.

FIGS. 8A and 8B are schematic diagrams showing an
example of a selection state of a drive electrode according to
the display device with a touch detection function shown in
FIG. 4.

FIG. 9 is a timing chart for illustrating operation of the
display apparatus with a touch detection function shown in
FIG. 4.

FIGS. 10A and 10B are charts showing an example of
waveforms in a long time scale in the display apparatus with
a touch detection function shown in FIG. 4.

FIG. 11 is a chart showing an example of timing in the case
with internal noise when touch operation is not performed in
the display apparatus with a touch detection function shown
in FIG. 4.
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FIG. 12 is a chart showing an example of timing in the case
with internal noise when touch operation is performed in the
display apparatus with a touch detection function shown in
FIG. 4.

FIGS. 13A and 13B are schematic diagrams showing an
example of a selection state of a drive electrode according to
a modification of the first embodiment.

FIGS. 14A and 14B are schematic diagrams showing an
example of a selection state of a drive electrode according to
another modification of the first embodiment.

FIG. 15 is a block diagram showing a configuration
example of a display apparatus with a touch detection func-
tion according to a second embodiment of the invention.

FIGS. 16A and 16B are schematic diagrams showing an
example of a selection state of a drive electrode according to
a display device with a touch detection function shown in
FIG. 15.

FIG. 17 is a chart showing an example of timing in the
display apparatus with a touch detection function shown in
FIG. 15.

FIG. 18 is a chart showing an example of timing in the case
with internal noise when touch operation is not performed in
the display apparatus with a touch detection function shown
in FIG. 15.

FIG. 19 is a view showing a general configuration of an
application example 1 among display apparatuses with a
touch detection function each using the embodiments.

FIGS. 20A and 20B show a general configuration of an
application example 2, where FIG. 20A is a perspective view
showing appearance as viewed from a front side, and FIG.
20B is a perspective view showing appearance as viewed
from a back side.

FIG. 21 is a perspective view showing a general configu-
ration of an application example 3.

FIG. 22 is a perspective view showing a general configu-
ration of an application example 4.

FIGS. 23A to 23G show a general configuration of an
application example 5, where FI1G. 23 A is a front view of the
example in an opened state, FIG. 23B is a side view thereof,
FIG. 23C is a front view of the example in a closed state, FIG.
23D is a left-side view thereof, FIG. 23E is a right-side view
thereof, FIG. 23F is a top view thereof, and FIG. 23F is a
bottom view thereof.

FIG. 24 is a section diagram showing a schematic section
structure of a display device with a touch detection function
according to a modification of the first and second embodi-
ments.

FIG. 25 is a block diagram showing a configuration
example of a touch panel according to a modification of the
first embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the invention will
be described in detail with reference to drawings. Description
is made in the following sequence.

1. Principle of capacitance-type touch detection

2. First embodiment

3. Second embodiment

4. Application examples

5. Other modifications

1. Principle of Capacitance-Type Touch Detection

First, a principle of a touch detection method of each of a
touch panel and a display apparatus with a touch detection
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6

function according to embodiments of the invention is
described with reference to FIGS. 1A and 1B to FIG. 3. The
touch detection method is embodied as a capacitance-type
touch sensor, in which a pair of electrodes (a drive electrode
E1 and a detection electrode E2) oppositely disposed with a
dielectric D in between are used to configure a capacitative
element, for example, as shown in FIG. 1A. Such a structure
is represented as an equivalent circuit shown in FIG. 1B. The
drive electrode E1, the detection electrode E2, and the dielec-
tric D collectively configure a capacitative element C1. One
end of the capacitative element C1 is connected to an AC
signal source (drive signal source) S, and the other end P
thereofis grounded via aresistor R and connected to a voltage
detector (detection circuit) DET. When an AC square wave Sg
(part B in FIG. 3) having a predetermined frequency (for
example, about several to more than ten kHz) is applied from
the AC signal source S to the drive electrode E1 (one end of
the capacitative element C1), an output waveform (detection
signal Vdet) as shown in part A in FIG. 3 appears in the
detection electrode E2 (the other end P of the capacitative
element C1). The AC square wave Sg corresponds to a drive
signal Vcom described later.

In a noncontact (or non-approach) state of a finger, a cur-
rent 10 corresponding to a capacitance value of the capacita-
tive element C1 flows along with charge and discharge of the
capacitative element C1 as shown in FIGS. 1A and 1B. In this
case, a potential waveform at the other end P of the capacita-
tive element Cl1 is, for example, similar to a waveform V0 in
part A in FIG. 3, which is detected by the voltage detector
DET.

In contrast, in a contact (or approach) state of a finger, a
capacitative element C2 formed by the finger is added in
series to the capacitative element C1 as shown in FIGS. 2A
and 2B. In this state, a current 11 and 12 flows with charge and
discharge of the capacitative element C1 or C2, respectively.
In this case, a potential waveform at the other end P of the
capacitative element C1 is, for example, similar to a wave-
form V1 in part A in FIG. 3, which is detected by the voltage
detector DET. At that time, a potential of a point P becomes a
divided potential determined by values of the currents 11 and
12 flowing through the respective capacitance elements C1
and C2. Therefore, the waveform V1 has a small value com-
pared with a value of the waveform V0 in the noncontact state.
The voltage detector DET compares a detected voltage to a
predetermined threshold voltage Vth. When the detected volt-
age is equal to or higher than the threshold voltage, the volt-
age detector determines the state as a noncontact state, and
when the detected voltage is lower than the threshold voltage,
the voltage detector determines the state as a contact state. In
this way, touch detection is enabled.

2. First Embodiment

Configuration Example
General Configuration Example

FIG. 4 shows a configuration example of a display appa-
ratus with a touch detection function according to a first
embodiment of the invention. Since a method of driving a
touch panel according to an embodiment of the invention is
embodied by the embodiment, the method is described
together. The display apparatus is a so-called in-cell type
apparatus where liquid crystal display elements are used as
display elements, and besides, a liquid crystal display device
configured of the liquid crystal display elements is integrated
with a capacitance-type touch sensor.

The display apparatus with a touch detection function 40
includes a Vcom generator 41, a drive control circuit 42, a
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drive electrode driver 43, a display device with a touch detec-
tion function 44, a gate driver 45, a source driver 46, a mul-
tiplexer 47, a detection circuit 48, and a resistance R.

The Vcom generator 41 is a circuit generating a drive signal
Vcom used in the display device with a touch detection func-
tion 44. Here, the drive signal Vcom is a polarity-alternating
square wave as shown in part A in FIG. 9 described later, and
therefore has a positive range (period of a first voltage) and a
negative range (period of a second voltage). Specifically, each
liquid crystal display element of the embodiment is driven by
a so-called polarity-reversal drive method in which a polarity
of an applied voltage to a liquid crystal element is reversed
every one horizontal pixel line (1H).

The drive electrode control section 42 selects and controls
an electrode of a plurality of drive electrodes of the display
device 44 when the drive signal Vcom supplied from the
Vcom generator 41 is supplied to the electrodes. At that time,
the drive electrode control section 42 may control a layout,
number and scan-movement of drive electrodes to be applied
with the drive signal Vcom depending on polarity (positive or
negative polarity) of the drive signal Vcom. In particular, the
drive electrode control section 42 of the embodiment may
perform control of changing a layout pattern of drive elec-
trodes to be applied with the drive signal Vcom between the
positive and negative ranges of the drive signal Vcom while
number of drive electrodes to be applied with the drive signal
Vceom is kept to a certain number in each of the positive and
negative ranges.

The drive electrode driver 43 is a circuit supplying the drive
signal Vcom supplied from the Vcom generator 41 to the
drive electrodes of the display device with a touch detection
function 44 described later according to a control signal from
the drive control circuit 42.

The display device with a touch detection function 44 has
a touch sensor 441 and a liquid crystal display device 442.
The touch sensor 441 outputs a detection signal Vdet having
a waveform, for example, as shown in part B and part C in
FIG. 9 based on the principle of capacitance-type touch detec-
tion. The detection signal Vdet includes a signal component
due to touch operation (hereinafter, called “touch compo-
nent”) as will be described later.

The gate driver 45 is a circuit supplying a signal for select-
ing a horizontal pixel line to be displayed to the liquid crystal
display device 442. The source driver 46 is a circuit supplying
an image signal to the liquid crystal display device 442. The
multiplexer 47 is a circuit where whenever the detection
signal Vdet is sequentially extracted from a plurality of touch
detection electrodes (described later) of the touch sensor 441,
the circuit switches a source of such extraction.

The detection circuit 48 detects presence of touch to the
touch sensor 441 based on the detection signal Vdet switched
by the multiplexer 47, and furthermore obtains coordinates of
a touch point on a touch panel. The detection circuit 48
includes analog LPF (Low-Pass Filter) 51, an A/D converter
52, a signal processor 53, and a coordinate extraction section
54. The analog LPF 51 is a low-pass analog filter that removes
a high frequency component from the detection signal Vdet,
and then outputs such a processed signal. The analog LPF 51
is inserted to remove folding noise generated in the A/D
converter 52 described later. The A/D converter 52 is a circuit
converting an analog signal outputted from the analog L.PF 51
into a digital signal. The signal processor 53 is a logic circuit
detecting presence of touch to the touch sensor 441 based on
an output signal from the A/D converter 52. The coordinate
extraction section 54 is a logic circuit obtaining coordinates
on the touch panel at which presence of touch is detected by
the signal processor 53.
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These circuits are controlled by a not-shown timing con-
troller.

Configuration example of display device with a touch
detection function 44

FIG. 5 shows an example of a relevant-part section struc-
ture of the display device with a touch detection function 44.
The display device 44 includes a pixel substrate 2, a counter
substrate 3 disposed facing the pixel substrate 2, and a liquid
crystal layer 6 inserted between the pixel substrate 2 and the
counter substrate 3.

The pixel substrate 2 has a TFT substrate 21 as a circuit
board, and a plurality of pixel electrodes 22 arranged in a
matrix pattern on the TFT substrate 21. TFT (Thin Film
Transistor) of each pixel, and wirings such as a source line
supplying an image signal to each pixel electrode and a gate
line driving each TFT, which are not shown, are formed on the
TFT substrate 21. In addition, the TFT substrate 21 may be
formed including part or all of the circuit shown in FIG. 4.

The counter substrate 3 has a glass substrate 31, a color
filter 32 formed on one surface of the glass substrate 31, and
a drive electrode 33 formed on the color filter 32. The color
filter 32 includes, for example, color filter layers of three
colors of red (R), green (G) and blue (B) being periodically
arranged, where a set of RGB three-color filters is set in
correspondence to each display pixel. The drive electrode 33
acts as a common drive electrode of the liquid crystal display
device 442, and besides, shared as a drive electrode of the
touch sensor 441. The drive electrode 33 is connected to the
TFT substrate 21 by a contact conduction pole 7. The drive
signal Vcom having an AC square waveform is applied from
the TFT substrate 21 to the drive electrode 33 via the contact
conduction pole 7. The drive signal Vcom, which may be
called common drive signal, defines a pixel voltage applied to
the pixel electrode 22 and a display voltage of each pixel.
Furthermore, the drive signal Vcom is used even as a drive
signal of the touch sensor.

A touch detection electrode 34 as a detection electrode of
the touch sensor 441 is formed on the other surface of the
glass substrate 31, and furthermore, a polarizing plate 35 is
disposed on the touch detection electrode 34.

The liquid crystal layer 6 modulates light passing through
the liquid crystal layer 6 depending on a state of an electric
field. Various modes of liquid crystal are used for the liquid
crystal layer 6, the modes including a TN (Twisted Nematic)
mode, a VA (Vertical Alignment) mode, an ECB (Electric-
Field Control Birefringence) mode and the like.

An alignment film is disposed between the liquid crystal
layer 6 and the pixel substrate 2, and between the liquid
crystal layer 6 and the counter substrate 3, respectively, and an
incidence-side polarizing plate is disposed on a bottom side
of'the pixel substrate 2, each of which is omitted to be shown
here.

FIG. 6 shows a configuration example of a pixel structure
of the liquid crystal display device 442. In the liquid crystal
display device 442, a plurality of display pixels 20, each
display pixel having a TFT element Tr and a liquid crystal
element [.C, are arranged in a matrix pattern.

Each display pixel 20 is connected with a source line 25, a
gate line 26, and the drive electrode 33 (here, for example, n
electrodes 331 to 33% (n: an integer of 2 or more)). The source
line 25 is a signal line for supplying an image signal to each
display pixel 20, and connected to the source driver 46. The
gate line 26 is a signal line for supplying a signal selecting a
display pixel 20 for display, and connected to the gate driver
45. In this example, each gate line 26 is connected to all
display pixels 20 being horizontally arranged. That is, the
liquid crystal display device 442 displays an image for each
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horizontal pixel line according to a control signal of each gate
line 26. The drive electrode 33 applies a drive signal for
driving the liquid crystal, and connected to the drive electrode
driver 43. In the example, each drive electrode is connected to
all display pixels 20 being horizontally arranged. That is, the
liquid crystal display device 442 is driven for each horizontal
pixel line according to a drive signal of each drive electrode.

FIG. 7 perspectively shows a configuration example of the
drive electrode 33 (331 to 33%) and the touch detection elec-
trode 34 of the counter substrate 3 in the touch sensor 441.
The drive electrode 33 is divided into a plurality of stripe
electrode patterns extending in a horizontal direction in the
figure. Each electrode pattern is sequentially supplied with
the drive signal Vcom (part A in FIG. 9) by the drive electrode
driver 43, so that line-sequential scan drive is time-division-
ally performed as will be described later. In contrast, the touch
detection electrode 34 includes a plurality of stripe electrode
patterns extending in a direction orthogonal to the extending
direction of the electrode patterns of the drive electrode 33.
Each of the electrode patterns of the touch detection electrode
34 outputs a detection signal Vdet (part B and part C in FIG.
9), and the detection signal is inputted to the detection circuit
48 via the multiplexer 47.

The electrode patterns intersecting with each other formed
by the drive electrode 33 and the touch detection electrode 34
form capacitance at each of the intersecting parts. The drive
electrode 33 corresponds to the drive electrode E1 shown in
FIGS. 1A and 1B and FIGS. 2A and 2B for illustrating the
principle of capacitance-type touch detection. On the other
hand, the touch detection electrode 34 corresponds to the
detection electrode E2 shown in FIGS. 1A and 1B and FIGS.
2A and 2B. Thus, the touch sensor may detect touch in accor-
dance with the principle of capacitance-type touch detection.
Furthermore, the touch sensor is configured in a matrix pat-
tern by the electrode patterns intersecting with each other.
Therefore, a position where contact or approach of an object
occurs may be detected.

Operation and Effects

General Basic-Operation

First, general operation of the display apparatus with a
touch detection function 40 of the embodiment is described.

The Vcom generator 41 generates a drive signal Vcom, and
supplies the signal to the drive electrode driver 43. The drive
electrode driver 43 supplies the drive signal Vcom to the drive
electrodes 331 to 33n of the display device with a touch
detection function 44 while sequentially switching the drive
electrodes according to a control signal from the drive control
circuit 42. The drive control circuit 42 performs control such
that a drive electrode supplying the drive signal Vcom is
selected from the drive electrodes 331 to 33# in accordance
with a voltage level of the drive signal Vcom. Such selection
is separately performed (performed as separate selection pro-
cess) for the touch sensor 441 and for the liquid crystal dis-
play device 442.

Each touch detection electrode 34 of the touch sensor 441
outputs a detection signal Vdet with a waveform having rising
and falling in synchronization with voltage change timing of
the drive signal Vcom based on the principle of capacitance-
type touch detection. The multiplexer 47 successively
extracts the detection signal Vdet outputted from each touch
detection electrode 34 of the touch sensor 441 by sequentially
switching an extraction source, and sends the signal to the
detection circuit 48. In the detection circuit 48, the analog
LPF 51 removes a high-frequency component from the detec-
tion signal Vdet, and outputs the signal as a detection signal
Vdet2. The A/D converter 52 converts the detection signal
Vdet2 from the analog L.PF 51 into a digital signal. The signal
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processor 53 determines presence of touch to the touch sensor
441 by logical operation based on an output signal from the
A/D converter 52. The coordinate extraction section 54
detects coordinates of a touch point on the touch sensor based
on a touch detection result by the signal processor 53. In this
way, when a user touches the touch panel, a position of the
relevant touch is detected.

The source driver 46 supplies an image signal to the liquid
crystal display device 442. The gate driver 45 supplies a
selection signal (gate signal) for selecting a horizontal pixel
line to be displayed to the liquid crystal display device 442. In
the liquid crystal display device 442, the whole screen is
line-sequentially scanned for each horizontal pixel line based
on the image signal, the gate signal and a drive signal, so that
an image is displayed on the screen. More particularly, in
FIG. 6, a pixel signal is supplied via a source line 25 and then
applied to a pixel electrode 22 of the liquid crystal element L.C
via a TFT element Tr of a line-sequentially selected display
pixel 20 by the gate line 26, and the polarity-alternating drive
signal Vcom (part A in FIG. 9) is applied to the common
electrode (drive electrode 33). Thus, pixel data are written
into the liquid crystal element L.C for image display.

Next, features of the embodiment are described in detail.

Operation example of drive control circuit 42

The drive control circuit 42 selects a drive electrode, to
which the drive signal Vcom is applied by the drive electrode
driver 43, from the drive electrodes 33 of the display device
with a touch detection function 44. Such selection is sepa-
rately performed for the touch sensor 441 and for the liquid
crystal display device 442.

FIGS. 8A and 8B show an operation example of a drive
electrode applied with the drive signal Vcom, where FIG. 8A
shows an operation example when a voltage of the drive
signal Vcom has ahigh level, and FIG. 8B shows an operation
example when a voltage of the drive signal Vcom has a low
level, as an operation example immediately after operation of
FIG. 8A.

In FIGS. 8A and 8B, a drive electrode applied with a drive
signal Vcom used for driving the touch sensor 441 is divided
into a detection drive line group L1P (first group) applied with
a first voltage in a positive range, and a detection drive line
group IAN (second group) applied with a second voltage in a
negative range. The detection drive line group UP includes
continuously adjacent, a series of drive electrodes, collec-
tively forming a single, thick strip drive electrode. In contrast,
the detection drive line group L1N includes a plurality of
drive electrodes dispersed one by one over the whole panel
surface. Thus, wherever a proximity object such as a finger is
on the touch sensor 441, number of drive electrodes in a
region where the proximity object overlaps with the detection
drive line group 1P is different from number of drive elec-
trodes in a region where the proximity object overlaps with
the detection drive line group L1N. In other words, total width
W1 of'the first group of the drive electrodes in a base width W
corresponding to size of the proximity object is different from
total width W2 of'the second group of the drive electrodes in
the base width W, and W1>W2 is given in the shown example.
On the other hand, a drive electrode applied with the drive
signal Vcom used for driving the liquid crystal display device
442 includes a single display drive line [.2 in each of the
positive and negative ranges. In the embodiment, total num-
ber of the drive electrodes is the same between the first and
second groups.

As shown in FIGS. 8A and 8B, the display drive line .2 is
sequentially scan-moved over the whole surface of the liquid
crystal display device 442 in synchronization with polarity
alternation of the drive signal Vcom. Specifically, the display
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drive line 1.2 is alternately applied with a positive voltage
(first voltage) and a negative voltage (second voltage) for each
movement by one horizontal pixel line. Furthermore, the gate
driver 45 sequentially scans the same horizontal pixel line in
synchronization with the display drive line [.2. Thus, an
image signal is supplied from the source line 25 to a selected,
horizontal pixel line so that data are written to each pixel of
the horizontal image line. Such operation is line-sequentially
repeated, thereby an image is displayed on the liquid crystal
display device 442.

In drive of the touch sensor 441, as shown in FIGS. 8 A and
8B, number of drive electrodes applied with the drive signal
Vcom or a layout pattern thereof is different depending on
polarity ranges of the drive signal Vcom. Specifically, in the
positive range of the drive signal Vcom, as shown in FIG. 8A,
the detection drive line group L.1P, which configures a single,
thick strip drive electrode, is selected, and applied with the
positive voltage (first voltage). The single strip drive elec-
trode is sequentially scan-moved by one horizontal pixel line
in synchronization with the display drive line L.2. Such scan is
performed to detect a position at which a finger contacts or
approaches the touch sensor 441. In contrast, in the negative
range of the drive signal Vcom, as shown in FIG. 8B, the
detection drive line group LIN including dispersed drive
electrodes is selected, and the drive electrodes are collectively
applied with the negative voltage (second voltage).

Operation example of touch sensor 441

Next, operation example of the touch sensor 441 is
described in more detail.

FIG. 9A shows an example of timing of the display appa-
ratus with a touch detection function 40, where part A in FI1G.
9 shows a waveform of the drive signal Vcom, part B in FIG.
9 shows a waveform of the detection signal Vdet when touch
operation is not performed, and part C in FIG. 9 shows a
waveform of the detection signal Vdet when touch operation
is performed. Part B and part C in FIG. 9 show an example of
a detection waveform for one of the touch detection elec-
trodes 34. In a so-called in-cell type apparatus, in which the
touch sensor is integrated with the display device as in the
embodiment, internal noise generated in the liquid crystal
display device 442 may appear in the detection signal Vdet as
output of the touch sensor 441 as described later. Thus,
description is separately made for the case with internal noise
and for the case without internal noise.

(1) Operation in the Case without Internal Noise

As shown in part B in FIG. 9, a waveform of the detection
signal Vdet in the case that touch operation is not performed
is a positive-negative symmetrical signal waveform in syn-
chronization with polarity alternation of the drive signal
Vcom. This is because total number of drive electrodes to be
a drive object is not different between the positive range
(detection drive line group L.1P) of the drive signal Vcom and
the negative range (detection drive line group L1N) thereof,
as shown in FIGS. 8 A and 8B. That is, when a particular touch
detection electrode is noticed, capacitance of an intersecting
part between the touch detection electrode and the detection
drive line group LIP is equal to capacitance of an intersecting
part between the same touch detection electrode and the
detection drive line group L1N, and therefore an equivalent
circuit of FIG. 1B is also not changed by polarity-alternating
operation of the drive signal Vcom.

In this way, in the state where touch operation is not per-
formed, a time-average level of the detection signal Vdet is
approximately corresponding to a center voltage of the wave-
form of the detection signal Vdet due to the positive-negative
symmetry of the detection signal Vdet.
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In contrast, as shown in part C in FIG. 9, a waveform ofthe
detection signal Vdet in the case that touch operation is per-
formed is a positive-negative asymmetrical signal waveform
in synchronization with polarity alternation of the drive signal
Veom. This is because when a finger contacts or approaches
the touch sensor 441, overlapping area between the finger and
the detection drive line group LIP is different from overlap-
ping area between the finger and the detection drive line
group LIN as shown in FIGS. 8A and 8B. That is, in the
positive range of the drive signal Vcom, such overlapping
area is large, so that change in capacitance due to presence of
touch operation is large, and therefore a degree of decrease in
amplitude of the detection signal Vdet is increased compared
with the case that touch operation is not performed. In con-
trast, in the negative range of the drive signal Vcom, such
overlapping area is small, so that change in capacitance due to
presence of touch is small, and therefore a degree of decrease
in amplitude of the detection signal Vdet is reduced compared
with the case that touch operation is not performed.

In the state where touch operation is performed, a time-
average level of the detection signal Vdet is shifted to a low
voltage side (negative side) with respect to the center voltage
of the waveform of the detection signal Vdet due to the
positive-negative asymmetry of the detection signal Vdet.
Frequency of occurrence of a section shifted to the low volt-
age side is sufficiently low, and the frequency directly passes
through the analog LPF in a later stage. Therefore, only such
a low-frequency component may be extracted, and presence
of'touch operation may be thus detected.

FIGS. 10A and 10B show a waveform example in a longer
time scale, where FIG. 10A shows a waveform of the detec-
tion signal Vdet, and FIG. 10B shows a waveform of the
detection signal Vdet2 outputted from the analog LPF 51. As
known from FIG. 10A, in a period of touch operation, an
upper envelope level of the waveform of the detection signal
Vdet is more reduced due to the positive-negative asymmetry
of'the detection signal Vdet. When this waveform is inputted
to the analog LPF 51, a high-frequency component is
removed from the waveform, and a touch detection signal
corresponding to presence of touch appears in output of the
LPF 51 as shown in FIG. 10B.

The reason why the detection signal Vdet2 as in FIG. 10B
appears in output of the analog LPF 51 is because positive-
negative symmetry of the detection signal Vdet is changed
between the case that touch operation is performed and the
case that touch operation is not performed as illustrated in part
B and part C in FIG. 9. Therefore, even if amplitude of the
detection signal Vdet is changed between the case that touch
operation is performed and the case that touch operation is not
performed, a signal as shown in FIG. 10B does not appear in
output of the analog LPF 51 as long as the waveform of the
detection signal Vdet is positive-negative symmetric. This
means that internal noise that may be in positive-negative
symmetrical is also removed by the analog LPF 51 as
described later.

The display apparatus with a touch detection function 40
converts the waveform of the detection signal Vdet2 shown in
FIG. 10B into a digital signal by the A/D converter 52. A
cutoff frequency of the analog L.PF 51 is desirably set low to
the utmost as long as a low-frequency signal component (FI1G.
10B) generated by contact or approach of a user with a finger
may pass through the LPF. If the cutoff frequency is set low
compared with a Nyquist frequency calculated from a sam-
pling frequency of the A/D converter 52, folding noise is
removed. Thus, the display apparatus 40 may extremely
reduce influence of disturbance noise having a frequency
component equal to or higher than the Nyquist frequency.
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(2) Operation in the Case with Internal Noise

Next, influence of internal noise generated by the liquid
crystal display device 442 on the touch sensor 441 is
described.

As above, when a gate signal is applied to a gate line 26 of
a particular horizontal pixel line of the liquid crystal display
device 442, a pixel electrode 22 of a liquid crystal display
element L.C on the horizontal pixel line is supplied with a
pixel signal applied from the source line 25, and a common
electrode (drive electrode 33) is supplied with the drive signal
Veom. Thus, information of the pixel on the horizontal pixel
line is displayed. In this writing, a signal on the source line 25
may be transmitted to the drive electrode 33, and furthermore,
appears as internal noise in the detection signal Vdet as output
of the touch sensor 441. In particular, the internal noise is
significantly increased in the case that all pixel signals on the
relevant horizontal pixel line (namely, image signals trans-
mitted through all source lines 25 at the relevant writing
timing) have large voltage amplitude (specifically, in the case
that white or black information is written into all pixels on the
relevant horizontal pixel line).

FIG. 11 shows an example of waveforms in the case that
touch operation is not performed when internal noise exists,
where part A in FIG. 11 shows a waveform of the drive signal
Vceom, part B in FIG. 11 shows a waveform of the detection
signal Vdet in writing of white information, and part C in FIG.
11 shows a waveform of the detection signal Vdet in writing
of black information. Here, Ata indicates time of writing no
information into a pixel, and Atb indicates time of writing
information into a pixel.

As shown in part B and part C in FIG. 11, when a pixel is
written with a signal, internal noise due to the written pixel
signal appears in the detection signal Vdet. At that time,
magnitude of the internal noise depends on magnitude of the
written pixel signal (display luminance or display color).
However, a waveform of the detection signal Vdet is a posi-
tive-negative symmetrical waveform in synchronization with
polarity alternation of the drive signal Vcom. This is because
of the same reason as in operation of the touch sensor 441 in
the case without the internal noise as shown in part B in FIG.
9. That is, this is because total number of drive electrodes
applied with the drive signal Vcom is not different between
the positive range and the negative range of the drive signal
Vcom.

In this way, in the state where touch operation is not per-
formed, a time-average level of the detection signal Vdet is
approximately corresponding to a center voltage of the wave-
form of the detection signal Vdet due to the positive-negative
symmetry of the detection signal Vdet.

FIG. 12 shows an example of waveforms in the case that
touch operation is performed when internal noise exists,
where part A in FIG. 12 shows a waveform of the drive signal
Vceom, part B in FIG. 12 shows a waveform of the detection
signal Vdet in writing of white information, and part C in FIG.
12 shows a waveform of the detection signal Vdet in writing
of black information. Here, Ata and Atb have the same mean-
ing as in the case of FIG. 11A, respectively.

As shown in part B and part C in FIG. 12, a waveform of the
detection signal Vdet in the case that touch operation is per-
formed is a positive-negative asymmetrical waveform in syn-
chronization with polarity alternation of the drive signal
Vcom. This is because of the same reason as in operation of
the touch sensor 441 in the case without internal noise as
shown in part C in FIG. 9. That is, in the positive range of the
drive signal Vcom, the relevant overlapping area is large, so
that change in capacitance due to presence of touch operation
is large, and therefore a degree of decrease in amplitude of the
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detection signal Vdet is increased compared with the case that
touch operation is not performed. In contrast, in the negative
range of the drive signal Vcom, the relevant overlapping area
is small, so that change in capacitance due to presence of
touch operation is small, and therefore a degree of decrease in
amplitude of the detection signal Vdet is reduced compared
with the case that touch operation is not performed.

In the touch operation state, a time-average level of the
detection signal Vdet is shifted to a low voltage side (negative
side) with respect to the center voltage of the waveform of the
detection signal Vdet due to the positive-negative asymmetry
of the detection signal Vdet. Frequency of occurrence of a
section shifted to the low voltage side is sufficiently low, and
the frequency directly passes through the analog LPF in a
later stage. Therefore, only such a low-frequency component
may be extracted, and presence of touch operation may be
thus detected.

Advantage

As above, in the embodiment, since the drive control circuit
42 selects the drive electrodes to be added with the drive
signal Vcom in a different way (with number or a position
being changed) in accordance with a voltage level (polarity)
of the drive signal Vcom as shown in FIGS. 8A and 8B, the
detection signal Vdet from the touch sensor 441 includes a
positive-negative symmetrical signal component due to tran-
sition of a voltage level of a drive signal, and a positive-
negative asymmetrical signal component (touch component)
due to touch operation. Therefore, even if an analog LPF is
provided in a stage after the touch sensor, the touch compo-
nent is not cancelled, and a touch detection signal in corre-
spondence to presence of touch may be extracted.

Furthermore, in the embodiment, number of drive voltages
added with the drive signal Vcom does not depend on a
voltage level of the drive signal Vcom (in each of the positive
and negative ranges), and is the same at any time, therefore
influence of internal noise associated with display operation
may be avoided.

Moreover, since frequency of a drive signal need not be
sequentially switched for selection of a detection condition
unlike in the past, detection time may be reduced, and
besides, a circuit is not complicated, reduction in size of an
apparatus may be achieved.

Furthermore, a cutoff frequency of the analog LPF is set
low compared with the Nyquist frequency, thereby a distur-
bance noise component having a frequency higher than the
Nyquist frequency may be reduced, and besides, a frequency
band of a signal is limited to a low band. Thus, the A/D
converter and the signal processor are simplified, and conse-
quently circuit size may be further reduced.

Modification of First Embodiment

Modification 1-1

In the embodiment, when a voltage of the drive signal
Vceom is positive (high level), the detection drive line group
L1P is selected as in FIG. 8A, and when the voltage is nega-
tive (low level), the detection drive line group L1N is selected
as in FIG. 8B. However, opposite setting may be used. Spe-
cifically, it may be designed that when a voltage of the drive
signal Vcom is negative (low level), a detection drive line
group is selected as in FIG. 8A, and when the voltage is
positive (high level), a detection drive line group is selected as
in FIG. 8B.

Modification 1-2

In the embodiment, when a voltage of the drive signal
Vcom is negative, the detection drive line group L 1N is con-
figured of drive electrodes discretely arranged on the whole
surface of the touch sensor 441. However, this is not limita-
tive, and may be appropriately modified as long as the fol-
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lowing condition is satisfied: wherever a proximity object
such as a finger is on the touch sensor 441, width (number of
drive electrodes) of a strip region overlapping with the prox-
imity object in the detection drive line group LIN is smaller
than width (number of drive electrodes) of a strip region
overlapping with the proximity object in the detection drive
line group UP. For example, as shown in FIGS. 13A and 13B,
when a voltage of the drive signal Vcom is negative (low
level), the drive electrodes of the detection drive line group
L1N may be discretely located only in an upper-half region of
the touch sensor 441. Alternatively, for example, as shown in
FIGS. 14A and 14B, thin strip electrode portions including a
plurality of drive electrodes adjacent to one another may be
dispersed over the whole panel or a partial region of the panel
instead of dispersing the drive electrodes one by one.

Modification 1-3

While the detection drive line group L1N applied with a
negative voltage of the drive signal Vcom is not scan-moved
in a vertical direction in the embodiment, the group may be
scan-moved in the direction.

3. Second Embodiment

Next, a display apparatus with a touch detection function
according to a second embodiment of the invention is
described. Substantially the same components as those of the
display apparatus with a touch detection function according
to the first embodiment are marked with the same reference
numerals or signs, and appropriately omitted to be described.

Configuration Example
General Configuration Example

FIG. 15 shows a configuration example of a display appa-
ratus with a touch detection function 140 according to the
embodiment.

The display apparatus with a touch detection function 140
includes a Vcom generator 41, a drive control circuit 142, a
drive electrode driver 43, a display device with a touch detec-
tion function 44, a gate driver 45, a source driver 46, a mul-
tiplexer 47, a detection circuit 148, and a resistance R.

The drive control circuit 142 selects and controls an elec-
trode from a plurality of drive electrodes of the display device
44 when a drive signal Vcom is supplied from the Vcom
generator 41 and then supplied to the electrodes. At that time,
the drive control circuit 142 may control a layout, number and
scan-operation of drive electrodes to be applied with the drive
signal Vcom depending on polarity (positive or negative
polarity) of the drive signal Vcom. In particular, the drive
electrode control section 142 of the embodiment performs
control such that the drive signal Vcom is applied to the drive
electrodes only in a positive range of the drive signal Vcom as
will be described later.

The detection circuit 148 detects presence of touch to the
touch sensor 441 based on a detection signal Vdet switched by
the multiplexer 47, and furthermore obtains coordinates of
the touch on a touch panel. The detection circuit 148 includes
analog LPF (Low-Pass Filter) 51, an A/D converter 52, a
signal processor 153, and a coordinate extraction section 54.
The signal processor 153 is a logic circuit detecting presence
of'touch to the touch sensor 441 based on an image signal Sig
inputted from the outside.

These circuits are controlled by a not-shown timing con-
troller.

Operation and Effects
Operation Example of Drive Control Circuit 142

The drive control circuit 142 selects a drive electrode, to
which the drive signal Vcom is applied by the drive electrode
driver 43, from the drive electrodes 33 of the display device
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44 with a touch detection function. Such selection is sepa-
rately performed for the touch sensor 441 and for the liquid
crystal display device 442.

FIGS. 16A and 16B show an operation example of a drive
electrode applied with the drive signal Vcom, where FIG.
16A shows an operation example when a voltage of the drive
signal Vcom has a high level, and FIG. 16B shows an opera-
tion example when a voltage of the drive signal Vcom has a
low level, as an operation example immediately after opera-
tion of FIG. 16A.

In FIGS. 16A and 16B, a drive electrode applied with a
drive signal Vcom used for driving the touch sensor 441 is
only in a detection drive line group L1P (first group) applied
with a first voltage in a positive range. That is, any drive
electrode is not used for driving the touch sensor 441. On the
other hand, a drive electrode applied with a drive signal Vcom
used for driving the liquid crystal display device 442 includes
a single display drive line 1.2 in each of the positive and
negative ranges. Operation of the display drive line [.2 is the
same as in the first embodiment.

In drive of the touch sensor 441, as shown in FIGS. 16 A
and 16B, number of drive electrodes applied with the drive
signal Vcom or a layout pattern thereof is different depending
on polarity ranges of the drive signal Vcom. Specifically, in
the positive range of the drive signal Vcom, as shown in FIG.
16A, the detection drive line group UP forming a single, thick
strip drive electrode is selected, and applied with a positive
voltage (first voltage). The single strip drive electrode is
sequentially scan-moved by one horizontal pixel line in syn-
chronization with the display drive line [.2. Such scan is
performed to detect a position where a finger contacts or
approaches the touch sensor 441. In contrast, in the negative
range of the drive signal Vcom, as shown in FIG. 16B, any
drive electrode is not selected, and the touch sensor 441 is not
driven.

Operation Example of Touch Sensor 441

Next, operation example of the touch sensor 441 is
described in more detail.

FIG. 17 shows an example of timing in the display appa-
ratus with a touch detection function 140, where part A in
FIG. 17 shows a waveform ofthe drive signal Vcom, part B in
FIG. 17 shows a waveform of the detection signal Vdet in the
case that touch operation is not performed, and part C in FIG.
17 shows a waveform of the detection signal Vdet in the case
that touch operation is performed.

(1) Operation in the Case without Internal Noise

As shown in part B in FIG. 17, in the case that touch
operation is not performed, a waveform of the detection sig-
nal Vdet is a positive-negative asymmetrical signal waveform
while being in synchronization with polarity alternation of
the drive signal Vcomunlike that of part B in FIG. 9 in the first
embodiment. This is because the detection drive line group is
configured only in the positive range of the drive signal Vcom
as shown in FIGS. 16A and 16B. That is, when a particular
touch detection electrode is noticed, since capacitance is
formed in an intersecting part between the touch detection
electrode and the detection drive line group L1P only in the
positive range of the drive signal Vcom, a waveform appears
in accordance with the principle of capacitance-type touch
detection only in the positive range.

Furthermore, as shown in part C in FIG. 17, in the case that
touch operation is performed, a waveform of the detection
signal Vdet is a positive-negative asymmetrical signal wave-
form while being in synchronization with polarity alternation
of the drive signal Vcom. This is because the detection drive
line group is configured only in the positive range of the drive
signal Vcom as in the case of part B in FIG. 17.
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In the state where touch operation is performed, a time-
average level of the detection signal Vdet is shifted to a low
voltage side (negative side) compared with the case that touch
operation is not performed. Since frequency of occurrence of
a section shifted to the low voltage side is sufficiently low, and
the frequency directly passes through the analog LPF, only
such a low-frequency component may be extracted, and pres-
ence of touch operation may be thus detected.

(2) Operation in the Case with Internal Noise

Next, influence of internal noise generated by the liquid
crystal display device 442 on the touch sensor 441 is
described.

FIG. 18 shows an example of waveforms in the case that
touch operation is not performed when internal noise exists,
where part A in FIG. 18 shows a waveform of the drive signal
Vcom, part B in FIG. 18 shows a waveform of the detection
signal Vdet in writing of white information, and part C in FIG.
18 shows a waveform of the detection signal Vdet in writing
of black information.

As shown in part B and part C in FIG. 18, when a pixel is
written with a signal, internal noise due to the written pixel
signal appears in the detection signal Vdet. At that time,
magnitude of the internal noise depends on magnitude of the
written pixel signal (display luminance or display color).
Furthermore, such noise also exists only in the positive range
of'the drive signal Vcom. This means that a time-average level
of'the detection signal Vdet is changed depending on a written
pixel signal. Therefore, a low-frequency component of the
signal directly passes through the analog LPF, and thus inter-
nal noise is outputted depending on pixel signals. In this case,
such internal noise may not be distinguished from a wave-
form due to presence of touch operation.

Thus, in the embodiment, as shown in FIG. 15, the signal
processor 153 performs signal processing by using an output
signal from the A/D converter 52 and an externally inputted
image signal Sig. Specifically, amount of internal noise is
calculated based on the image signal Sig, and a difference
between the output signal from the A/D converter 52 and the
calculated amount of internal noise is obtained, thereby the
internal noise may be removed so that only presence of touch
may be detected. The image signal Sig may be supplied from
the outside as shown in the figure, or may be supplied from the
source driver 46.

Advantage

As above, in the embodiment, since the drive signal Vcom
is applied to the drive electrode only in the positive range of
the drive signal Vcom as shown in FIGS. 16A and 16B, the
detection signal Vdet from the touch sensor 441 includes a
positive-negative asymmetrical signal component (touch
component) due to touch operation. Therefore, even if an
analog LPF is provided in a stage after the touch sensor, the
touch component is not cancelled, and a touch detection
signal in correspondence to presence of touch may be
extracted.

Furthermore, in the embodiment, since the detection cir-
cuit uses the externally inputted image signal Sig for calcu-
lation, the positive-negative asymmetrical signal component
due to internal noise may be removed.

Modification of Second Embodiment

Modification 2-1

While the detection drive line group L1P is selected as
shown in FIG. 16A only in the case that voltage of the drive
signal Vcom is positive (high level) in the embodiment, oppo-
site setting may be used. Specifically, the detection drive line
group may be selected as shown in FIG. 16A only in the case
that voltage of the drive signal Vcom is negative (low level).
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Modification 2-2

When a voltage of the drive signal Vcom is negative (low
level), the detection drive line is not selected in the embodi-
ment. However, this is not limitative, and the detection drive
line group L1IN may be formed in such a case. That is, this
may be appropriately modified as long as the following con-
dition is satisfied: wherever a proximity object such as a
finger is on the touch sensor 441, width (number of drive
electrodes) of a strip region overlapping with the proximity
object in the detection drive line group LN is smaller than
width (number of drive electrodes) of a strip region overlap-
ping with the proximity object in the detection drive line
group L1P. At that time, in each of part B and part C in FIG.
17 and part B and part C in FIG. 18, a pulse appears even on
a negative voltage side, and a waveform of the pulse is posi-
tive-negative asymmetric. Even in this case, the externally
inputted image signal Sig is used for calculation, thereby the
internal noise may be removed, and the touch detection signal
may be extracted.

4. Application Examples

Next, application examples of the method of driving a
touch panel, the capacitance-type touch panel, and the display
apparatus with a touch detection function, those being
described in the embodiments and the modifications, are
described with reference to FIG. 19 to FIG. 23G The method
of driving a touch panel, the capacitance-type touch panel,
and the display apparatus with a touch detection function
according to the embodiments and the like may be applied to
electronic devices in any field, including a television appara-
tus, a digital camera, a notebook personal computer, a mobile
terminal such as mobile phone, and a video camera. In other
words, the display apparatus according to each of the embodi-
ments and the like may be applied to electronic devices in any
field, which displays an externally inputted video signal or
internally generated video signal as an image or a picture.

Application Example 1

FIG. 19 shows appearance of a television apparatus using
the display apparatus with a touch detection function accord-
ing to each of the embodiments and the like. The television
apparatus has, for example, a front panel 511 and a video
display screen 510 including filter glass 512, and the video
display screen 510 is configured of the display apparatus with
a touch detection function according to each of the embodi-
ments and the like.

Application Example 2

FIGS. 20A and 20B show appearance of a digital camera
using the display apparatus with a touch detection function
according to each of the embodiments and the like. The digital
camera has, for example, a light emitting section for flash
521, a display 522, a menu switch 523 and a shutter button
524, and the display 522 is configured of the display appara-
tus with a touch detection function according to each of the
embodiments and the like.

Application Example 3

FIG. 21 shows appearance of a notebook personal com-
puter using the display apparatus with a touch detection func-
tion according to each of the embodiments and the like. The
notebook personal computer has, for example, a body 531, a
keyboard 523 for input operation of letters and the like, and a
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display 533 for displaying an image, and the display 533 is
configured of the display apparatus with a touch detection
function according to each of the embodiments and the like.

Application Example 4

FIG. 22 shows appearance of a video camera using the
display apparatus with a touch detection function according
to each of the embodiments and the like. The video camera
has, for example, a body 541, a lens 542 for shooting an object
provided on front side-face of the body 541, and a start/stop
switch 543 used in shooting, and a display 544. The display
544 is configured of the display apparatus with a touch detec-
tion function according to each of the embodiments and the
like.

Application Example 5

FIGS. 23A to 23G show appearance of a mobile phone
using the display apparatus with a touch detection function
according to each of the embodiments and the like. For
example, the mobile phone is formed by connecting an upper
housing 710 to a lower housing 720 by a hinge 730, and has a
display 740, sub display 750, a picture light 760, and a camera
770. The display 740 or the sub display 750 is configured of
the display apparatus with a touch detection function accord-
ing to each of the embodiments and the like.

5. Other Modifications

While the invention has been described with several
embodiments and modifications thereof hereinbefore, the
invention is not limited to the embodiments and the like, and
may be variously modified or altered.

Modification 3-1

For example, while when voltage of the drive signal Vcom
is positive (high level), the detection drive line L1P and the
display drive line L2 are similarly sequentially scanned in
each embodiment, this is not limitative. For example, the
detection drive line 1P may be scanned by a plurality of
drive electrodes, or randomly scanned.

Modification 3-2

For example, in each embodiment, the liquid crystal dis-
play device 442, which uses liquid crystal in a mode of TN
(Twisted Nematic), VA (Vertical Alignment), ECB (Electri-
cally Controlled Birefringence) or the like, and the touch
sensor 441 are integrated to configure the display device with
a touch detection function 44. However, a liquid crystal dis-
play device using liquid crystal in a transverse electric field
mode such as FFS (Fringe Field Switching) mode or IPS
(In-Plane Switching) mode and a touch sensor may be inte-
grated with a touch sensor instead. For example, in the case of
using liquid crystal in a transverse electric field mode, a
display device with a touch detection function 44B may be
configured as shown in FIG. 24. The figure shows an example
of a relevant-part section structure of the display device with
atouch detection function 44B, showing a state where a liquid
crystal layer 6B is sandwiched between a pixel substrate 2B
and a counter substrate 3B. Names or functions of other
sections are the same as in the case of FIG. 5, and therefore
omitted to be described. In this example, unlike the case of
FIG. 5, a drive electrode 33 commonly used for display and
for touch detection is formed immediately above a TFT sub-
strate 21, and configures part of the pixel substrate 2B. Pixel
electrodes 22 are disposed above the drive electrode 33 with
an insulating layer 23 in between. In this case, all dielectrics
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including the liquid crystal layer 6B between the drive elec-
trode 33 and a touch detection electrode 34 contributes to
formation of capacitance C1.

Modification 3-3

Furthermore, for example, while the liquid crystal display
device 442 and the touch sensor 441 are integrated in each
embodiment, the device and the sensor may not be integrated.
FIG. 25 shows a configuration example of a capacitance-type
touch panel 40C in the case that the first embodiment is
modified in such a way.

The capacitance-type touch panel 40C includes a Vcom
generator 41, a drive control circuit 42C, a drive electrode
driver 43, a touch sensor 441, a multiplexer 47, a detection
circuit 48, and a resistance R. In the modification, the drive
control circuit 42C controls the drive electrode driver 43 to
generate only detection drive lines 1P and L1N. In addition,
a drive signal Vcom is used only in the touch sensor 441,
internal noise is not generated. Other operation is the same as
in the first embodiment.

The present application contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2009-154207 filed in the Japan Patent Office on Jun. 29,2009,
the entire content of which is hereby incorporated by refer-
ence.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalent thereof.

What is claimed is:

1. A capacitance-type touch panel comprising:

a plurality of drive electrodes each having a strip shape;

a drive control circuit performing control such that a drive
signal for touch detection is selectively applied to the
drive electrodes;

a plurality of touch detection electrodes arranged to inter-
sect with the drive electrodes in such a manner that
capacitance is formed in each intersecting part, and each
outputting a detection signal in synchronization with the
drive signal; and

a detection circuit detecting an external proximity object
based on the detection signal,

wherein the drive control circuit controls application of the
drive signal such that a positive drive signal is selectively
applied to predetermined regions of the display in a first
period;

a negative drive signal is applied to predetermined regions
of the display in a second period different from the first
period so that there is a difference in surface area of the
drive electrodes receiving the positive and negative drive
signals for contact detection thereby causing a time-
average level of the detection signal both in the first
period and the second period to be shifted with respect to
a center voltage of the detection signal when a portion of
the display is contacted or approached due to a differ-
ence in capacitance between the first period and the
second period; and

the detection circuit detects the external proximity object
based on a shift of the time-average level of the detection
signal both in the first period and the second period with
respect to the center voltage of the detection signal.

2. The capacitance-type touch panel according to claim 1,
wherein the drive signal is a signal having a periodical wave-
form including a period of a first voltage and a period of
second voltage different from the first voltage,

the drive control circuit selects a first group of drive elec-
trodes and a second group of drive electrodes from the
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plurality of drive electrodes in such a manner that, a total
width of drive electrodes, belonging to the first group of
drive electrodes, within a base width corresponding to
size of the external proximity object is different from a
total width of drive electrodes, belonging to the second
group of drive electrodes, within the base width, at any
position in a region where the drive electrodes are
arranged, and then applies the first voltage and the sec-
ond voltage of the drive signal to the selected drive
electrodes of the first and second groups, respectively.

3. The capacitance-type touch panel according to claim 2,
wherein the drive control circuit selects the first group of drive
electrodes in such a manner that the first group of drive
electrodes configures a single strip region which shifts in a
manner of time-divisional scanning.

4. The capacitance-type touch panel according to claim 2,
wherein the drive control circuit selects the second group of
drive electrodes in such a manner that the second group of
drive electrodes are divided into a plurality of sub groups
discretely arranged.

5. The capacitance-type touch panel according to claim 1,
wherein the drive control circuit selects the first group of drive
electrodes and the second group of drive electrodes in such a
manner that a total width of all drive electrodes belonging to
the first group is equal to a total width of all drive electrodes
belonging to the second group.

6. The capacitance-type touch panel according to claim 1,
wherein the drive signal is a signal having a periodical wave-
form including a period of a first voltage and a period of
second voltage different from the first voltage, and

the drive control circuit selects a group of drive electrodes
configuring a single strip region from the plurality of
drive electrodes, and controls application of the drive
signal in such a manner that the first voltage of the drive
signal is applied to the group of drive electrodes, and that
a second voltage is not applied to any drive electrode.

7. The capacitance-type touch panel according to claim 1,
wherein the detection circuit has an analog filter performing
high-band cutoff for cutting a band of frequencies equal to or
higher than a predetermined frequency.

8. A display apparatus with a touch detection function
comprising:

a plurality of drive electrodes each having a strip shape;

a drive control circuit performing control such that a drive
signal for touch detection is selectively applied to the
drive electrodes;

a plurality of touch detection electrodes arranged to inter-
sect with the drive electrodes in such a manner that
capacitance is formed in each intersecting part, and each
outputting a detection signal in synchronization with the
drive signal;

a detection circuit detecting an external proximity object
based on the detection signal; and

a display section displaying an image based on an image
signal, wherein the drive control circuit controls appli-
cation of the drive signal such that a positive drive signal
is selectively applied to predetermined regions of the
display in a first period;

anegative drive signal is applied to predetermined regions
of'the display in a second period different from the first
period so that there is a difference in surface area of the
drive electrodes receiving the positive and negative drive
signals for contact detection thereby causing a time-
average level of the detection signal both in the first
period and the second period to be shifted with respect to
a center voltage of the detection signal when a portion of
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the display is contacted or approached due to a differ-
ence in capacitance between the first period and the
second period; and
the detection circuit detects the external proximity object
based on a shift of the time-average level of the detection
signal both in the first period and the second period with
respect to the center voltage of the detection signal.
9. The display apparatus with a touch detection function
according to claim 8, wherein
the display section is configured with liquid crystal ele-
ments, and
the drive signal for touch detection also serves as part of a
display drive signal for driving the display.
10. The display apparatus with a touch detection function
according to claim 9, wherein
the display drive signal includes a pixel signal based on the
image signal and a common drive signal,
the display section performs display operation by means of
polarity-inversion driving where a polarity of an appli-
cation voltage which is defined by the pixel signal and
the common drive signal and is applied to each of the
liquid crystal elements is time-divisionally inverted, and
the drive signal for touch detection also serves as the com-
mon drive signal.
11. The display apparatus with a touch detection function
according to claim 8, wherein
a positive-negative asymmetric variation appearing in the
detection signal associated with drive of the display
section is compensated based on the image signal.
12. The display apparatus with a touch detection function
according to claim 8, wherein
the drive signal is a signal having a periodical waveform
including a period of a first voltage and a period of
second voltage different from the first voltage, and
the drive control circuit selects a group of drive electrodes
configuring a strip region from the plurality of drive
electrodes, and controls application of the drive signal
such that the first voltage of the drive signal is applied to
the group of drive electrodes, and a second voltage is not
applied to any drive electrode.
13. The display apparatus with a touch detection function
according to claim 8, wherein
the detection circuit performs compensation for a variation
due to display noise through eliminating a positive-
negative asymmetric display noise component from the
detection signal based on the image signal, the display
noise component appearing in the detection signal asso-
ciated with drive of the display section.
14. A method of driving a touch panel, comprising steps of:
selectively applying a drive signal for touch detection to a
plurality of drive electrodes each having a strip shape;
allowing each of a plurality of touch detection electrodes to
output a detection signal in synchronization with the
drive signal when an external proximity object exists,
the touch detection electrodes being arranged to inter-
sect with the drive electrodes in such a manner that
capacitance is formed in each intersecting part, and the
detection signal being applied such that a positive drive
signal is selectively applied to predetermined regions of
the display in a first period and a negative drive signal is
applied to predetermined regions of the display in a
second period different from the first period so that there
is a difference in surface area of the drive electrodes
receiving the positive and negative drive signals for con-
tact detection thereby causing a time-average level of the
detection signal both in the first period and the second
period to be shifted with respect to a center voltage of the
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detection signal when a portion of the display is con-
tacted or approached due to a difference in capacitance
between the first period and the second period; and

detecting the external proximity object based a shift of the
time-average level of the detection signal both in the first 5
period and the second period with respect to the center
voltage of the detection signal.
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